Background: Despite improvements in early detection of breast cancer, disparities persist in stage at diagnosis, which is an important prognostic factor. Methods: We used the space-time scan statistic in SaTScan to identify geographic areas and time periods with significantly elevated proportions of female breast cancer diagnosed at the in situ or distant stage in New Jersey. The analyses were conducted with census tracts as the geographic unit of analysis, elliptical spatial windows, 3-year temporal windows, and Poisson models. Statistical significance was determined by 999 Monte Carlo simulations (P < .05); significant clusters were mapped in ArcMap. Breast cancer cases within the clusters were compared with breast cancer cases outside the clusters on demographic, socioeconomic, and clinical factors using the Pearson chi-square test (P < .05). In addition, populations within the clusters were compared with the population outside the clusters on demographic and socioeconomic factors. The distant stage cluster contained relatively high percentages of minority and lower socioeconomic status (SES) breast cancer cases and populations, whereas the in situ clusters had relatively low percentages of minority and lower SES breast cancer cases and populations. Conclusion: Although there have been improvements since an earlier study of distant stage breast cancer diagnosed in 1995 to 1997, disparities in stage at diagnosis continue. These findings can be used by our local cancer control partners to target specific populations for interventions such as breast cancer education and mammography screening, as well as by state legislative and public health authorities for resource allocation.
B
reast cancer continues to be the leading cancer diagnosis and second largest cause of cancer mortality among US women, with an estimated 247 000 new cases and 40 500 deaths in 2016. 1 Although the age-adjusted incidence rate of breast cancer for non-Hispanic white women was higher than that for non-Hispanic black women, 128.1 versus 124.3 per 100 000 in 2008 to 2012, the mortality rate was 42% higher in black non-Hispanic women than in white non-Hispanic women (31.0 vs 21.9). 1 Female breast cancer survival rates in the United States have improved greatly since 1975; however, for women diagnosed in 2005 to 2011, the 5-year relative survival rate was much lower for blacks (81%) than for whites (92%). 1 Stage at diagnosis is an important prognostic factor with 5-year relative survival rates of 99%, 85%, and 26% for breast cancers diagnosed at the local, regional, and distant stages, respectively. 1 In New Jersey, the 5-year (2009-2013) age-adjusted incidence rate for female breast cancer was 131.4 per 100 000. However, the rates varied greatly by race and ethnicity-135.5, 120.6, 89.8, and 96.2 among white, black, Asian and Pacific Islander (API), and Hispanic (of any race) women, respectively. 2 As in the United States, NJ black women have a higher breast cancer age-adjusted mortality rate than white women, 30.4 per 100 000 compared with 23.7 per 100 000 in 2008 to 2012, despite their lower incidence rate. 3 The 5-year relative survival rate for cancers diagnosed in 2001 to 2005 was lower for NJ black women (76.4%) than for white (89.7%), API (88.3%), and Hispanic (87.4%) women. 4 This survival difference is related to a lower percentage of black women diagnosed at the local stage (49.5%) than women in the other race and ethnic groups (54%-59%) and to black women's lower survival at each stage (local, regional, distant) 4 as well as to other factors.
Early detection of breast cancer through mammography has been shown to decrease mortality and increase treatment options, and it is recommended by many organizations. 1, 5 In recognition of the importance of early detection in breast cancer control, "Healthy People 2020" and "Healthy New Jersey 2020" objectives relating to breast cancer include reducing late-stage female breast cancer, increasing the proportion of women who receive breast cancer screening, and reducing the female breast cancer mortality rate. 6, 7 Healthy People 2020 also includes increasing the proportion of women who are counseled by their providers about mammograms. 6 Breast cancer and other cancers have been studied over space and time, including breast cancer incidence, [8] [9] [10] breast cancer mortality, 11 proportion of in situ or late-stage breast cancer, 12, 13 proportion of late-stage prostate cancer, 14,15 and brain cancer incidence. 16 The space-time scan statistic in SaTScan software was used in some of these cancer studies, 11, 13, 16 as well as in studies of other health problems such as accidental poisoning 17 and AIDS mortality. 18, 19 The purpose of this study was to identify geographic areas and time periods with significantly elevated proportions of female breast cancer diagnosed at the in situ or distant stage in New Jersey from 1997 through 2011 and then to map and characterize the geographic areas. A previous study using a spatial scan statistic found 2 geographic areas in northeastern New Jersey that had significantly elevated proportions of women with breast cancer diagnosed at the distant stage from 1995 through 1997. 20 The present study expands upon the earlier study by adding 14 diagnosis years, the dimension of time as well as space, and a search for clusters of elevated proportions of women diagnosed with breast cancer in situ. The 2 outcomes of interest, distant stage breast cancer and in situ breast cancer, were chosen because survival with distant stage breast cancer is very low whereas survival with in situ breast cancer is extremely high. In addition, mammography use is strongly associated with the incidence of in situ breast cancer.
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Methods
Cases
Incident cases of breast cancer were obtained from the NJ State Cancer Registry (NJSCR), which is a highquality population-based cancer incidence registry covering a diverse population of about 8.9 million people residing in New Jersey. It is a National Cancer Institute (NCI) Surveillance, Epidemiology and End Results (SEER) expansion registry and part of CDC's National Program of Cancer Registries. NJ regulations (N.J.A.C. 8:57A) require reporting of newly diagnosed cancer cases to the NJSCR by hospitals, diagnosing physicians, dentists, and independent clinical laboratories.
Demographic and clinical information about each newly diagnosed cancer case (eg, age, sex, race, ethnicity, date of diagnosis, stage at diagnosis, primary payer at diagnosis) is included. Primary site and histology are coded to the International Classification of Diseases for Oncology, third edition (ICD-O-3) 22 and stage at diagnosis is coded according to SEER summary stage (in situ, local, regional, distant, unknown). 23, 24 Cases are geocoded to their address at diagnosis by SEER*DMS, the database management system used by NJSCR. Geocoding services within SEER*DMS are provided by the Automated Geospatial Geocoding Interface Environment System, developed and supported through collaborative efforts of the North American Association of Central Cancer Registries, Texas A&M University, and NCI. 25 Additional details about case ascertainment, coding, case completeness, and other quality measures are included in NJSCR annual reports at http://nj.gov/health/ces/index.shtml.
Primary in situ and invasive female breast cancer cases in the NJSCR diagnosed from 1997 through 2011 were included in this study. Cases diagnosed in 1979 through 1994 were excluded because the proportion of unknown stage breast cancers was greater than 10% each year. Cases diagnosed in 1995 and 1996 were excluded because we included the most recent diagnosis year available (2011) and we needed 3-year time windows. The ICD-O-3 codes for breast cancer are those in the SEER site recode definition (site code C500-C509), except mesotheliomas and Kaposi's sarcomas were excluded. 26 Cases ascertained by death certificate or autopsy report only or without a valid census tract were excluded. The 2000 census tract boundary centroid geocodes were used for all cases.
Statistical Methods
The space-time scan statistic in SaTScan software (version 9.3) was used to identify geographic areas and time periods with significantly elevated proportions of women with breast cancer diagnosed at the in situ or distant stage. 16, 27 The SaTScan analyses were conducted with census tracts as the geographic aggregation unit, elliptical spatial windows, 28 Poisson model, maximum cluster size of 50% of the population at risk, and 3-year temporal windows. We used the Poisson model rather than the Bernouli model, which also is available in SaTScan, because we had population-based data and female breast cancer diagnosed at the in situ or distant stage is relatively rare. Statistical significance was determined by 999 Monte Carlo simulations (P < .05).
"Cases" were defined as women who were diagnosed with breast cancer at the in situ or distant stage from 1997 to 2011 (numerators) and the "population at risk" was all female breast cancer cases diagnosed from 1997 to 2011 (denominators). The relative risk (RR) for each cluster, that is, the risk of being diagnosed at the in situ or distant stage within the cluster versus the risk outside the cluster, was estimated in SaTScan. The RR is the ratio of the observed number of "cases" (cases diagnosed at the distant or in situ stage) divided by the expected number of "cases" within the cluster and the observed number of "cases" divided by the expected number of "cases" outside the cluster. The expected numbers of "cases" were calculated by applying the statewide proportion of distant or in situ diagnoses to the total number of cases inside and outside the clusters. The SaTScan results were exported to ArcGIS ArcMap version 10.0 for mapping.
Breast cancer cases in the clusters were compared with the cases in the rest of New Jersey on clinical, demographic, and socioeconomic status (SES) characteristics-stage (in situ, local, regional, distant, unknown), age (0-44, 45-64, 65 and older), race (white, black, API, other/unknown), ethnicity (nonHispanic, Hispanic), marital status (married, not married, unknown), insurance status (private, Medicare, Medicaid, other government, not insured, unknown), and percentage of residents living in poverty in the census tract the case resided in at the time of diagnosis (0%-<5%, 5%-<10%, 10%-<20%, 20%-100%, unknown). Statistical significance of differences between cases in the clusters and the rest of New Jersey were determined with the Pearson chi-square test (P < .05).
Populations within the clusters were compared with the population in the rest of New Jersey for differences in demographic and socioeconomic characteristics including race, ethnicity, language spoken at home, education, marital status, unemployment, renter occupied housing, family income, and per capita income using data from the United States Census Bureau's 2005-2009 American Community Survey. 29 The descriptive statistics of the cases and populations inside and outside the clusters were calculated using SAS version 9.4 (SAS Institute Inc, Cary, North Carolina).
Results
A total of 126 756 cases of in situ and invasive female breast cancer were included in the analyses, after excluding 602 cases ascertained only from death certificates and autopsy reports and 360 cases without a valid census tract. Of the 126 756 cases, 5 951 (4.7%) were diagnosed at the distant stage and 27 181 (21.4%) were diagnosed with in situ breast cancer.
Distant stage breast cancer
SaTScan identified a single cluster in northeastern New Jersey (Cluster 1) with a significantly elevated proportion of breast cancer diagnosed at the distant stage from 1997 through 2011 (RR = 1.42; P < .001) ( Figure 1 ). It encompassed 1 entire county and sections of 4 counties ( Figure 1 ) and included 1613 cases diagnosed at the distant stage, 6.1% of breast cancer cases in the cluster, and 27.1% of distant stage breast cancer cases diagnosed statewide ( Table 1) .
The comparison of breast cancer cases in cluster 1 to breast cancer cases in the rest of New Jersey revealed that the cluster contained significantly higher percentages of younger (0-44) and older (65 and older), black, API, Hispanic, not married, and uninsured or Medicaid-insured cases (P < .001; Table 1 ). Breast cancer cases in the cluster also were more likely to reside in high poverty census tracts. The population in this cluster had substantially higher percentages of blacks, Hispanics, and foreign-born persons than the population in the rest of New Jersey, as well as higher percentages of households with Spanish or an IndoEuropean language spoken at home and persons who speak English less than well ( Table 2 ). The population within Cluster 1 also had higher percentages of people without a high school education, unmarried and unemployed, renter occupied housing, and families with incomes below poverty than the population in the rest of New Jersey. The cluster population had a lower per capita income (Table 2 ).
In situ breast cancer
Two clusters with significantly high proportions of in situ breast cancer were identified, one in northeastern New Jersey from 2004 to 2011 (cluster 2, RR = 1.35, P < .001) and the other in central New Jersey from 2006 to 2011 (cluster 3, RR = 1.24, P < .001). Cluster 2 covered almost an entire county and had 3195 in situ cases, representing 25.6% of breast cancer cases in the cluster and 11.8% of in situ breast cancer cases diagnosed statewide. Cluster 3 included 4 counties, most of 2 counties, and parts of 3 other counties in central New Jersey (Figure 1 ) and had 6894 in situ cases, representing 23.5% of breast cancer cases in the cluster and 25.4% of in situ cases diagnosed statewide (Table 3) .
The in situ breast cancer clusters (clusters 2 and 3) had lower percentages of cases 65 and older, black, Hispanic, not married, uninsured or Medicaidinsured, as well as much lower percentages of cases living in a high poverty level census tract than the rest of New Jersey (P < .001; Table 3 ). The clusters also contained higher percentages of API cases than the rest of New Jersey. The populations in clusters 2 and 3 had lower percentages of blacks, Hispanics, persons with less than a high school education, unmarried persons, unemployed persons, renter occupied housing, and families with incomes below poverty than the population in the rest of New Jersey. The percentages of foreign-born persons, people speaking an Indo-European or API language at home, and persons who speak English less than well was higher, as was the per capita income, in these 2 clusters compared with the population in the rest of New Jersey (Table 4) .
Discussion
This study identified an area in northeastern New Jersey (cluster 1) with a significantly elevated proportion of breast cancer diagnosed at the distant stage, which occurred over the entire 15-year study period (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) . This is consistent with the results of our previous study that found 2 significant clusters with high proportions of breast cancer cases diagnosed at the distant stage from 1995 through 1997, also in northeastern New Jersey (parts of Bergen, Hudson, and Essex counties). 20 The current cluster includes these same 3 counties and extends into 2 additional counties to the south. In 1995 to 1997, 13% and 9% of the cases in the 2 clusters were diagnosed at the distant stage versus 5% in the rest of New Jersey. 20 Later, in 1997 to 2011, 6.1% of the cases in the cluster compared with 4.7% of the cases in the rest of New Jersey were diagnosed at the distant stage. The apparent narrowing gap suggests improvement in screening and early detection of breast cancer. It is not likely due to large demographic and SES changes in the cases and populations, as the demographic and SES characteristics in the 2 studies' cluster areas were similar with high percentages of minority (black, Hispanic) and low SES breast cancer cases and populations.
This study also identified 2 clusters with significantly elevated proportions of in situ breast cancer, 1 30 However, our findings show that in large areas of the state the percentage of breast cancer diagnosed in situ has not increased as much as in the 2 in situ cluster areas (clusters 2 and 3) in recent years (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) . The disparity in stage at diagnosis is especially noticeable in the parts of the 3 counties in which the in situ breast cancer clusters overlap with the distant stage breast cancer cluster. Perhaps a better understanding of why women in clusters 2 and 3 have experienced higher rates of in situ breast cancer diagnosis can be applied to increasing early diagnosis of breast cancer in the other areas of the state.
A previous study with space-time analysis (SaTScan) of 1988-1997 data in Massachusetts found one significant cluster with a high proportion of breast cancer diagnosed at the distant stage in a mostly urban area south of Boston during 1988 to 1990. 13 When adjusted for SES alone or adjusted for SES and urban/rural status together, this cluster was significant only in 1989. The cluster was no longer significant when adjusted only for urban/rural status and there were no clusters of high proportions of distant stage breast cancer after 1990. Another study analyzed the proportion of in situ breast cancer in four 5-year time periods between 1981 and 2000 in a Wisconsin county. From 1986 to 1990, significantly higher percentages of cases with urban and suburban zip codes were diagnosed in situ compared with cases in rural zip codes. 12 By 1996 to 2000, urban, suburban, and rural zip codes throughout the county had similar percentages of in situ breast cancer cases. Both of these studies found no significant geographic disparities in breast cancer stage at diagnosis in their more recent study years, that is, the 1990s. In this NJ study, however, geographic disparities in breast cancer stage at diagnosis proportions persisted into the 2000s for distant stage and began in the 2000s for in situ. Also noticeable is that while the populations in the distant stage cluster and 2 in situ stage clusters in this study all have higher proportions of foreign-born persons, persons who speak a language other than English at home, and persons who speak English less than well compared with the population in the rest of New Jersey, the specific racial and ethnic population compositions differ. The population in the distant stage cluster has a much higher proportion of Hispanics and people who speak Spanish at home than the populations in the in situ clusters, while the populations in the in situ clusters have much higher percentages of persons speaking an API language at home than the distant stage cluster population. This suggests that other factors associated with specific races and ethnicities are more important to being diagnosed with breast cancer at the in situ or distant stage than simply being foreign born or not speaking English well. Other research has shown that inability to pay for screening, lack of knowledge about or provider recommendations for screening, no routine health care, and unavailability of culturally acceptable services may be involved.
20
Strengths and limitations
Strengths of this study include the use of a populationbased, high-quality cancer registry, a large data set covering 15 years, and a well-established approach to spatial-temporal analysis. The SaTScan software is free, easy to use, well-maintained, and supported and widely used. Thus, our methodology can be replicated, with some caveats, 31 in other states and jurisdictions with population-based cancer registries to better identify priority areas for breast cancer control efforts.
Potential limitations of this type of study include exclusions due to an inability to geocode cases to a census tract and errors in geocoding. Relatively few cases (n = 360; 0.3%) were excluded because of geocoding problems and, although geocoding errors may have occurred, they would not have significantly affected the results if the errors involved small distances because the clusters are relatively large.
Another limitation was the lack of data at the individual level on demographic and SES factors of interest, such as education, income, employment, ■ Through these partners, we hope to reach the county-based Chronic Disease Coalitions, CEED Lead Agencies, and other health agencies and professionals to inform breast cancer education and screening programs at the local level.
■ On a policy level, these findings can be used by legislative and public health authorities in resource allocation-for example, for the CEED Program. We did not investigate changes in insurance status during the study period (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) ) and between the earlier study 20 and this study, a potential question for future research, especially given recent changes due to the Affordable Care Act. Another factor of interest is the screening history of the breast cancer cases, particularly those diagnosed at the distant stage. The NJSCR does not include mammography screening information, and publicly available screening data are not available at the census tract level (for example, Behavioral Risk Factor Surveillance System data). Identification of screening data to link with breast cancer cases is another potential research topic.
Breast cancer molecular subtype, that is, hormone receptor/human growth factor-neu receptor (HR/HER2) expression, is another factor that we were unable to account for in this study. There is a growing body of research suggesting that nonHispanic black women are at higher risk for a more aggressive type of breast cancer, ER-/HER2-(triple negative), 32, 33 which may not be detected at as early a stage as less aggressive types. Thus, higher rates of triple negative breast cancers among non-Hispanic black women also may have contributed to the elevated proportion of distant stage disease in cluster 1. More research is needed to assess this possibility.
